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Nucleic acid sequences and processes for detecting 
bacteria of the Pseudomonas genus 

The invention relates to nucleic acid molecules for detecting Pseu- 
domonas, to a kit and to uses thereof. 

General background of the invention 

The gram-negative bacterium Pseudomonas aeruginosa is a widespread 
bacterium that is pathogenic for humans and that constitutes a ma- 
jor health risk especially to neonates and to people having weak- 
ened resistance. Besides its major clinical significance, the an- 
tibiotic resistances that are frequently present and the formation 
of toxins, especially the highly toxic exotoxin A (Woods, D.E. and 
Iglewski, B.H., Rev. Infect. Dis. 5, 714 - 722 (1983), Pseudomonas 
aeruginosa is one of the most important bacterial causes of cases 
of food poisoning. Conventional processes require at least 4 days 
for the detection of Pseudomonas aeruginosa . There is therefore an 
urgent need for the development of rapid processes for detecting 
Pseudomonas aeruginosa in food and in clinical samples. 
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In recent years, a number of new methods have been developed for 
routine use in detecting particular microorganisms . These in- 
clude immunological processes based on the use of polyvalent or 
monoclonal antibodies and processes in which nucleic acid probes 
are used for' detection by means of hybridisation to organism- 
specific nucleic acids. Further methods that have been de- 
scribed are those processes which are based on a specific nu- 
cleic acid amplification, with or without a subsequent confirma- 
tion reaction by nucleic acid hybridisation. ' Processes used for 
the amplification of nucleic acids are, for example, the poly- 
merase chain reaction (PGR) [US Patents 4,683,195; 4,683,202; 
and 4,965,188], the ligase chain reaction [WO Publication 
89/09835], "self -sustained sequence replication" [EP 329,822], 
the "transcription based amplification system" [EP 310,229] and 
the QP RNA-replicase system [US Patent 4,957,858]. 

The mentioned nucleic-acid-based processes are so sensitive that, 
in contrast to conventional microbiological processes, it is pos- 
sible to dispense with, or considerably curtail, a lengthy in- 
crease in quantity of the microorganism being detected from the 
sample under investigation. Testing for the presence or absence 
of the microorganism in question is therefore generally concluded 
within one day when using the mentioned nucleic-acid-based proc- 
esses, thereby achieving a considerable reduction in time, espe- 
cially when conventional processes require several days or weeks 
for detection. 

Various PCR-based processes for the detection of Pseudomonas 
aeruginosa have been described. By amplifying a region of DNA 
having a length of 3 69 bp from the exotoxin A gene it has been 
possible to detect the presence of strains of the species Pseu- 
domonas aeruginosa selectively [Khan et al . (1994), Appl . Envi- 
ron. Microbiol. 60, 3739-3745]. Even though no bacteria of other 
species were detected using that PGR system, an amplified product 
was observed in only 96 % of the 13 0 Pseudomonas aeruginosa 
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strains tested in total. Consequently, that PGR system is of 
only limited suitability for establishing a rapid process by 
means of which the presence of all strains of Pseudomonas aerugi- 
nosa can be detected reliably. 

With the aid of a further, recently published process based on a 
multiplex PGR it has been possible to detect, selectively, fluo- 
rescent pseudomonads on the one hand and Pseudomonas aeruginosa 
on the other hand [De Vos at al . (1997), J. clin. Microbiol. 35, 
1295-1299] . Using that process, it was possible to detect each 
of the 150 isolates of Pseudomonas aeruginosa tested in total. 
It is, however, disadvantageous that the oprL gene used for the 
selective detection of Pseudomonas aeruginosa is also highly con- 
served in other species of the Pseudomonas genus. Thus, the 
amino acids that are coded for in the region of the binding sites 
of the primers used by Voss et al . are identical in Pseudomonas 
putida and Pseudomonas aeruginosa. The detection of Pseudomonas 
aeruginosa is accordingly based merely on a few different base 
pairs caused by the variation in the third position of particular 
amino acid codons , which on the basis of experience carries a 
high risk of false-positive and/or false-negative results occur- 
ring . 

In addition, because of the high degree of conservation of the 
opri and oprL genes, the multiplex PGR system described is un- 
likely to offer a possible means of detecting - for example by 
the use of various probes subsequently to the PGR reaction - 
other clinically significant species of the Pseudomonas genus, 
such as, for example, Pseudomonas fluorescens , Pseudomonas mendo- 
cina, Pseudomonas putida or Pseudomonas stutzeri. 

An aim of the invention described herein was to establish nucleic 
acid sequences whose use as primers and/or probes would ensure 
detection, in as complete a manner as possible, of all represen- 
tatives of the species Pseudomonas aeruginosa . A further aim of 
the invention was to identify a region of the genome having suf- 
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ficiently high sequence variability within different species of 
the Pseudomonas genus to allow, optionally, the detection of 
other species of the Pseudomonas genus as well, for example by 
using different variants of primers and/or probes in the PGR or 
subsequently to the PGR. 

Depending on the size of the group of microorganisms to be de- 
tected and the evolutionary relatedness (similarity) of microor- 
ganisms to be excluded (that are not to be detected) , detection 
based on differential DNA sequences requires very extensive pre- 
liminary work in order to identify suitable DNA sequences that 
have the desired specificity in the particular case. The inven- 
tion described herein relates to such DNA sequences, by means of 
which the rapid detection of bacteria of the Pseudomonas genus, 
especially of Pseudomonas aeruginosa, is possible, 

Description of the invention 

The problem underlying the invention is solved, according to one 
embodiment, by a nucleic acid molecule that is obtainable by start- 
ing from a plurality of strains belonging to, on the one hand, a 
to-be-detected group of bacteria of the Pseudomonas genus and, on 
the other hand, not-to-be-detected bacteria, 

(a) isolating, in a manner known per se, genomic DNA from a Pseu- 
domonas strain of those groups (first strain) , 

(b) amplifying, in a manner known per se, the 23S/5S intergenic 
region, optionally together with the directly adjacent 23S 
region and/or the directly adjacent 5S region, and obtaining 
the amplification product (first amplification product) , 

(c) in accordance with steps (a) and (b) in each case, isolating 
genomic DNA using a second, third, . . . and/or n*^*^ Pseudomo- 
nas strain of the bacteria mentioned, amplifying the 23S/5S 
intergenic region, together with the directly adjacent 23S 
region and/or the directly adjacent 5S region, and obtaining 
the amplification product (second, third, . . . n*^*^ amplifi- 
cation product) , 
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(d) determining, in a manner known per se, the DNA sequence of 
amplification products obtained according to (b) and (c) , and 
comparing the DNA sequence of the amplification product ac- 
cording to (b) with the DNA sequence of one or more amplifi- 
cation products, according to (c) , and 

(e) isolating and obtaining, as a primer or probe, a nucleic acid 
molecule by means of which the to-be-detected group of bacte- 
ria of the Pseudoinonas genus can be distinguished from the 
not -to-be-detected bacteria of the Pseudomonas genus on the 
basis of differences at at least one nucleotide position in 
the sequence region of the nucleic acid molecule. 

The nucleic acid molecule according to the invention can be ob- 
tainable by starting from strains belonging to, on the one hand, 
to-be-detected bacteria of the Pseudomonas genus and, on the 
other hand, not- to-be-detected bacteria of a genus (genera) other 
than Pseudomonas. 

The problem underlying the invention is solved, according to a 
further embodiment, by a nucleic acid molecule that is obtainable 
by starting from a plurality of strains belonging to a to-be- 
detected group and a not- to-be-detected group of bacteria of the 
Pseudomonas genus, 

(a) isolating, in a manner known per se, genomic DNA from a Pseu- 
domonas strain of those groups (first strain) , 

(b) amplifying, in a manner known per se, the 23S/5S intergenic 
region, optionally together with the directly adjacent 23S 
region and/or the directly adjacent 5S region, and obtaining 
the amplification product (first amplification product) , 

(c) in accordance with steps (a) and (b) in each case, isolating 
genomic DNA using a second, third, . . . and/or n*^^ Pseudomo- 
nas strain of those groups, amplifying the 23S/5S intergenic 
region, together with the directly adjacent 23S region and/or 
the directly adjacent 5S region, and obtaining the amplifica- 
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tion product (second, third, . . . amplification prod- 

uct) , 

(d) determining, in a manner known per se, the DNA sequence of 
amplification products obtained according to (b) and (c) , and 
comparing the DNA sequence of the amplification product ac- 
cording to (b) with the DNA sequence of one or more amplifi- 
cation products according to (c) , and 

(e) isolating and obtaining, as a primer or probe, a nucleic acid 
molecule by means of which the to-be-detected group of bacte- 
ria of the Pseudomonas genus can be distinguished from the 
not- to-be-detected group of bacteria of the Pseudomonas genus 
on the basis of differences at at least one nucleotide posi- 
tion in the sequence region of the nucleic acid molecule. 

The nucleic acid molecule according to the invention can be ob- 
tainable by starting from strains belonging to a to-be-detected 
group of bacteria of the species Pseudomonas aeruginosa and a 
not- to-be-detected group of bacteria of other species. 

The invention relates also to a nucleic acid molecule of SEQ ID 
NO 1 or the sequence complementary thereto. 

The invention relates also to a nucleic acid molecule of that 
kind, having a shortened sequence compared with the afore- 
mentioned nucleic acid molecule, namely the sequence of the re- 
gion or in the region of the nucleotide positions 12 to 131. 

The invention relates also to a nucleic acid molecule of that 
kind, having a shortened sequence compared with a nucleic acid 
molecule of SEQ ID NO 1, namely 

(i) SEQ ID NO 3 or 

(ii) SEQ ID NO 4 or 

(iii) the sequence complementary to each of (i) and (ii) . 



The invention relates also to a nucleic acid molecule of SEQ ID 
NO 2 or the sequence complementary thereto. 

A nucleic acid molecule according to the invention may be charac- 
terised in that, in respect of its sequence in at least 10 suc- 
cessive nucleotides of its nucleotide chain, 

(i) it is identical to a nucleic acid molecule according to one 
of the preceding claims or 

(ii) it corresponds to a nucleic acid molecule according to one 
of the preceding claims in 9 out of 10 successive nucleo- 
tides or 

(iii) it corresponds to a nucleic acid molecule according to one 
of the preceding claims in 8 out of 10 successive nucleo- 
tides or 

(iv) it is at least 90 % homologous to a nucleic acid molecule 
according to one of the preceding claims . 

Such a nucleic acid molecule according to the invention can be 
characterised in that it is from 10 to 250, and preferably from 
15 to 30, nucleotides long. 

A nucleic acid molecule according to the invention can be charac- 
terised in that it is single -stranded or double - stranded . 

A nucleic acid molecule according to the invention can be charac- 
terised in that it is present 

(i) as DNA or 

(ii) as RNA corresponding to (i) or 

(iii) as PNA, 

the nucleic acid molecule where appropriate having been modified 
in a manner known per se for analytical detection processes, es- 
pecially those based on hybridisation and/or amplification. 

Thus, a nucleic acid molecule according to the invention can have 
been modified in such a manner that up to 20% of the nucleotides 
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of at least 10 successive nucleotides of its nucleotide chain, 
especially 1 or 2 nucleotides, have been replaced by analogous 
building blocks known per se as probes and/or primers, especially 
by nucleotides that do not occur naturally in bacteria. 

The nucleic acid molecule according to the invention can also 
have been modified or labelled or additionally modified or la- 
belled in such a manner that it comprises, in a. manner known per 
se for analytical detection processes, one or more radioactive 
groups, coloured groups, fluorescent groups, groups for immobili- 
sation on a solid phase and/or groups for an indirect or direct 
reaction, especially for an enzymatic reaction, preferably using 
antibodies, antigens, enzymes and/or substances having an affin- 
ity for enzymes or enzyme complexes, and/or otherwise modifying 
or modified groups of nucleic-acid- like structure. 

According to a further embodiment, the problem underlying the 
invention is solved by a kit for analytical detection processes, 
especially for the detection of bacteria of the Pseudomonas ge- 
nus, that kit being characterised by one or more nucleic acid 
molecules according to the invention. 

According to a further embodiment, the problem underlying the 
invention is solved by use of one or more nucleic acid molecules 
according to the invention or of a kit according to the invention 
for detection of the presence or absence of bacteria belonging to 
a group of bacteria of the Pseudomona.s genus . 

The use according to the invention can be characterised in that 
the group of bacteria of the Pseudomonas genus includes various 
strains of Pseudomonas aeruginosa or is made up from those 
strains . 
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Such use according to the invention can be characterised in that 
the group of bacteria of the Pseudomonas genus is composed exclu- 
sively of Pseudomonas aeruginosa strains . 

Use according to the invention can also be characterised in that 
nucleic acid hybridisation and/or nucleic acid amplification 
is/are carried out. 

Use according to the invention can also be characterised in that, 
as nucleic acid amplification, a polymerase chain reaction is 
carried out . 

Use according to the invention can also be characterised in that 
the detection is carried out by distinguishing the to-be-detected 
bacteria from not- to-be-detected bacteria on the basis of differ- 
ences in the genomic DNA and/or RNA at at least one nucleotide 
position in the region of a nucleic acid molecule according to 
the invention. 

Use according to the invention can also be characterised in that 
distinguishing is carried out on the basis of differences in the 
region of a nucleic acid molecule of SEQ ID NO 1 or of its com- 
plementary sequence . 

To detect specific microorganisms by means of nucleic acid hy- 
bridisation or amplification, organism-specific oligo-nucleotides 
are, therefore, used according to the invention. Organism- 
specific oligonucleotides are nucleic acids, from 10 to 250 bases 

(preferably from 15 to 30 bases) long, the base sequence of which 
is characteristic of a specific microorganism or a group of mi- 
croorganisms. When using such organism-specific oligonucleotides 

(for example, as primers or probes) with the processes mentioned 
hereinbefore, hybridisation to DNA/amplif ication of DNA can take 
place, under suitable reaction conditions, only when the DNA of 
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the microorganisms to be detected in the particular case is pres- 
ent . 

Procaryotic ribosomes comprise three distinct nucleic acid compo- 
nents, which are generally known as 5S, 16S and 23S rRNA (ribo- 
somal ribonucleic acid) . The genetic information for those ribo- 
nucleic acids (rDNA) is arranged in the genome typically in the 
form of tandems. The organisation of such a ur^it is 16S-23S-5S, 
the three genes being separated from one another by short hyper- 
variable intergenic regions. The units are present in the genome 
in several copies, it being possible for the number of the re- 
peating units to vary in different bacteria. The high degree of 
conservation of the DNA sequence in the region of 16S rDNA, 23S 
rDNA and 5S rDNA across the entire kingdom of bacteria allows 
non-specific oligonucleotides to be designed, even without pre- 
cise knowledge of the DNA sequences of the microorganisms to be 
investigated. Such non-specific oligonucleotides are character- 
istic of a relatively large group of microorganisms, which are 
generally pylogenetically related. By using those non-specific 
oligonucleotides it will be possible for the person skilled in 
the art, for example after appropriate preliminary tests by means 
of DNA amplification using PGR, to isolate rDNA fragments, for 
example the 23S/5S intergenic region, of any particular microor- . 
ganism. By DNA sequencing, it is then possible to determine the 
sequence of the hypervariable intergenic regions of the micro- 
organism in question. 

DNA sequencing of the 23S/5S intergenic region of as large a num- 
ber as possible of to-be-detected bacteria (e.g. of various Pseu- 
doiuonas species) , on the one hand, and subsequent comparison of 
those DNA sequences, on the other hand, allows DNA regions to be 
identified that in the group investigated (e.g. all Pseudomonas 
species) are not changed or only insignificantly changed. 
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DNA sequencing of the 23S/5S intergenic region of selected not- 
to-be-detected bacteria (e.g. bacteria that do not belong to the 
Pseudowonas genus) , on the one hand, and subsequent comparison of 
those DNA sequences with the sequences of to-be-detected bacteria 
(e.g. various Pseudomonas species), on the other hand, allows DNA 
sequences to be identified that are characteristic of the to-be- 
detected bacteria (e.g, all Pseudomonas species) . It is then 
possible to derive, from these DNA sequences , ofligonucleotides 
that can be used as primers and/or probes in processes based on 
nucleic acids, with the aim of specifically detecting the group 
of bacteria in question (e.g. all species of the Pseudomonas ge- 
nus) . 

The DNA sequences described in the present invention for detect- 
ing bacteria of the Pseudomonas genus, especially bacteria of the 
species Pseudomonas aeruginosa, are based on the 23S/5S inter- 
genic region and the directly adjacent region of the 23S rDNA. 
The DNA sequence in that region was determined for a large number 
of bacteria. After exact sequence comparisons, organism-specific 
nucleic acid sequences were determined, which can be used for 
primers and/or probes for use in a species-/genus-specif ic detec- 
tion process. 

To detect the group of microorganisms in question, nucleic acids, 
preferably genomic DNA, are firstly released from the cells con- 
tained in a sample or bacterial culture to be investigated. By 
means of nucleic acid hybridisation, it is then possible - using 
the organism-specific oligonucleotides according to the invention 
as a probe - to directly detect organism-specific nucleic acid 
sequences in the sample to be investigated. Various processes 
known to the person skilled in the art are suitable for that pur- 
pose, such as, for example, "Southern blot" or "dot blot". 

Preference is given, however, above all on account of the rela- 
tively high sensitivity, to an indirect detection process in 
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which the DNA/RNA sequences sought are firstly amplified by means 
of the above-mentioned processes for amplifying nucleic acids, 
preferably PGR. 

The amplification of DNA/RNA using the processes mentioned can be 
effected by using organism-specific oligonucleotides as primers, 
specific amplification products being formed only when DNA/RNA of 
the to-be-detected microorganism is present. The specificity of 
the detection process can be increased by a subsequent detection 
reaction using organism-specific oligonucleotides as probes. For 
that subsequent detection reaction it is also possible to use 
non-specific oligonucleotides . 

Alternatively, the nucleic acid amplification can also be carried 
out in the presence of one or more non-specific oligonucleotides, 
so that it is possible that DNA/RNA of other, not- to-be-detected 
microorganisms may also be amplified. Such an amplification pro- 
cess is generally less specific and should therefore be backed up 
by a subsequent detection reaction using one or more organism- 
specific oligonucleotide (s) as probe (s). 

Various processes by which the amplification products formed in 
the indirect processes can be detected will be known to the per- 
son skilled in the art. These include, inter alia, visualisation 
by means of gel electrophoresis, the hybridisation of probes on 
immobilised reaction products [coupled to nylon or nitrocellulose 
filters ("Southern blots") or, for example, on beads or microti- 
tre plates] and the hybridisation of the reaction products on 
immobilised probes (e.g. "reverse dot blots" or beads or microti - 
tre plates coupled with probes) . 

A large number of different variants have been described by means 
of which organism- specif ic oligonucleotides (for example probes 
and primers) can be labelled or modified for the direct or indi- 
rect detection processes described. They may comprise, for exam- 
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pie, radioactive, coloured, fluorescent or otherwise modified or 
modifying groups, for example antibodies, antigens, enzymes or 
other substances having an affinity for enzymes or enzyme com- 
plexes. Probes and primers may be either naturally occurring or 
synthetically produced double -stranded or single- stranded DNA or 
RNA or modified forms of DNA or RNA, such as, for example, PNA 
(in these molecules the sugar units have been replaced by amino 
acids or peptides) . Particular nucleotides or::a number of nu- 
cleotides of the probes or primers may be replaced by analogous 
building blocks (such as, for example, nucleotides that do not 
naturally occur in the target nucleic acid) . In the case of the 
above-mentioned indirect detection processes, detection can be 
carried out also by means of an internally labelled amplification 
product. That can be effected, for example, by integrating modi- 
fied nucleoside triphosphates (for example, coupled with digoxy- 
genin or fluorescein) during the amplification reaction. 

Suitable organism-specific oligonucleotides according to the in- 
vention are nucleic acids, preferably from 10 to 250 bases and 
especially from 15 to 30 bases long, that correspond, at least in 
a 10 base long sequence, to Sequences 1 to 4 mentioned hereinbe- 
low or to their complementary sequences. Relatively small dif- 
ferences (1 or 2 bases) in that 10 base long sequence are possi- 
ble without the specificity mentioned in the particular case be- 
ing lost in amplification and/or hybridisation. The person 
skilled in the art will know that in the case of such relatively 
small differences the reaction conditions will need to be altered 
accordingly; cf., for example, T. Maniatis, Molecular Cloning, 
Editors G. Sambrook & E.F. Fritsch, Cold Spring Harbour Labora- 
tory Press, 1989. 

The sequence of Pseudomonas aeruginosa (ATCC 1014 5) in the region 
of the 23S/5S intergenic region is: 
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(Sequence 1 = SEQ ID NO 1)) 

ATAACACCCAAACAATCTGAYGATTGTGTGTTGTAAGGTGAAGTCGACGAACCGAAAGTTCGC 
ATGAACCGCAAACACCTTGAAATCACATACCTGAATCCGGATAGACGTAAGCCCAAGCGAACG 
GATAT 

In addition, the sequence in the region of the 23S/5S intergenic 
region was determined for 6 further strains of the species Pseu- 
domonas aeruginosa and for at least one strain :;of each of the 
following species: Pseudomonas asplenii, Pseudoinonas citronello- 
sis, Pseudoinonas corrugata, Pseudomonas fluorescens , Pseudomonas 
fragi, Pseudomonas mendocina, Pseudomonas pseudoalcaligenes , 
Pseudomonas putida, Pseudomonas stutzeri , Pseudomonas syringae. 
The sequence comparisons showed that a number of oligonucleotides 
derived from Sequence 1 are suitable for the selective detection 
of bacteria of the species Pseudomonas aeruginosa. The sequence 
of the region (12-131) is suitable for such organism-specific 
oligonucleotides . 

From Sequence 1 there were derived the following oligonucleo- 
tides, which are especially suitable as primers for PGR (Sequence 
3) and as a probe (Sequence 4) . 

Oligonucleotide Pal (Sequence 2) corresponds to position 2823- 
2 84 2 of a 23S rRNA gene of Pseudomonas aeruginosa ATCC 1014 5 
[Toschka et al . (1987), Nucleic Acids. Res. 15, 7182]: 



Oligonucleotide Pal: (Sequence 2 = SEQ ID NO 2) 5'- 
GATAGGCTGGGTGTGTAAGC-3 ' 

Oligonucleotide Pa2 : (Sequence 3 = SEQ ID NO 3) 5'- 
CTTGGGCTTACGTCTATCCG - 3 ' 

Oligonucleotide Pa3 : (Sequence 4 = SEQ ID NO 4) 5'- 
TTCAGGTATGTGATTTCAAG GTG-3 ' 
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Example 1: Detection of bacteria of the species Pseudomonas aeru- 
ginosa using the polymerase chain reaction 

DNA was isolated by standard processes from pure cultures of the 
bacteria listed in Table 1. Approximately from 10 to 100 ng of 
each of those DNA preparations was then used in the PGR in the 
presence of 0.4 /iM of each of oligonucleotide Pal and Pa2 , 200 )iM 
of dNTP's (Boehringer Mannheim), 4 mM MgCl2, IS/.mM (NH4)2S04, 
67 mM Tris/HCl (pH 8.8), 0.01% Tween 20 and o\o3 U/fil Taq- 
polymerase (Biomaster) . The PGR was carried out in a Perkin- 
Elmer 9600 (Pal and Pa2 ) /Biometra TRIO-Thermoblock (Pa4 and Pa2) 
thermocycler using the following thermoprof iles : 



- initial denaturing 



95°G 



5 min 



1st amplification (15 cycles) 94°G 

68°C 
72°C 



35 sec 
30 sec 
30 sec 



- 2nd amplification (20 cycles) 



94°C 
64°G 
12°C 



35 sec 
30 sec 
30 sec 



final synthesis 



72°C 



5 min 



After the end of the PGR reaction, the amplification products 
were separated by means of agarose gel electrophoresis and visu- 
alised by staining with ethidium bromide. The expected product 
having ' a length of 191 bp was observed only in those cases in 
which DNA of strains of the species Pseudomonas aeruginosa was 
present (compare Table 1) , but not in the presence of DNA of 
other tested bacteria. After the end of the run, the DNA con- 
tained in the gels was transferred by standard methods to nylon 
filters and hybridised with the oligonucleotide Pa3 (Sequence 4) 
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biotinylated at the 5' terminus, in order to check the specific- 
ity. Hybridisation was effected in 5 x SSC, 2 % blocking rea- 
gent, 0.1 % lauryl sarcosine, 0.02 % SDS and 5 pmol/ml of probe 
for 4 hours at 48°C. Washing was carried out in 2 x SSC, 
0,1 % SDS for 2x5 minutes at room temperature and in 0.1 x SSC, 
0.1 % SDS for 1 x 15 minutes at 48 ^C. Detection was carried out 
according to standard methods using alkaline phosphatase conju- 
gates {Extravidin, SIGMA, # E-2636) in the presence of 5-bromo-4- 
chloro-3-indolyl phosphate and 4-nitro-blue tetrazolium chloride 
(Boehringer Mannheim) . 

A band was observed on the filters only in those cases in which a 
band had previously been visible on the agarose gel (see Table 
1) , Thus, the presence of all the 82 tested Pseudomonas aerugi- 
nosa, strains was detected by PCR and, partially, by hybridisa- 
tion. In contrast, none of the tested bacterial strains not be- 
longing to that species was detected . using this system. 
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Table 1 : Results of PGR amplification using the oligonucleotides 
Pal and Pa2 (SEQ ID NO 2 and SEQ ID NO 3) and subsequent 
hybridisation using the oligonucleotide Pa3 (SEQ ID NO 4) . 



Species 


Designation of strain 


PGR 


Hybridisation 


Pseudomonas aeruginosa 


ATCC 902 7 


+ 


+ 


Pseudomonas aeruginosa 


ATCC 1014 5 


+ 




Pseudomonas aeruginosa 


ATCC 14 886 


+ 


+ 


Pseudomonas aeruginosa 


ATCC 15522 


_ + 


+ 


Pseudomonas aeruginosa 


ATCC 15691 




n.p. 


Pseudomonas aeruginosa 


ATCC 15692 


+ 


n.p. 


Pseudomonas aeruginosa 


ATCC 214 72 


+ 


+ 


Pseudomonas aeruginosa 


ATCC 21776 


+ 


+ 


Pseudomonas aeruginosa 


ATCC 33350 


+ 


n.p. 


Pseudomonas aeruginosa 


ATCC 33361 


+ 


n.p. 


Pseudomonas aeruginosa 


ATCC 33818 


+ 


+ 


Pseudomonas aeruginosa 


ATCC 33988 


+ 


+ 


Pseudomonas aeruginosa 


LMG 8029 


+ 


+ 


Pseudomonas aeruginosa 


DSM 288 




n.p. 


Pseudomonas aeruginosa 


DSM 939 


+ 


+ 


Pseudomonas aeruginosa 


DSM 1117 


+ 


+ 


Pseudomonas aeruginosa 


DSM 1253 


+ 


n.p. 


Pseudomonas aeruginosa 


DSM 1299 


+ 


+ 


Ps eudomonas a erugi nosa 


BC 682 


+ 


+ 


Pseudomonas aeruginosa 


BC 4283 


+ 


+ 


Pseudomonas aeruginosa 


BC 4880 


+ 


+ 


Pseudomonas aeruginosa 


BC 4937 




+ 


Pseudomonas aeruginosa 


BC 4938 


+ 


+ 


Pseudomonas aeruginosa 


BC 5258 


+ 


+ 


Pseudomonas aeruginosa 


BC 5594 


+ 


+ 


Pseudomonas aeruginosa 


BC 5595 


+ 


+ 


Pseudomonas aeruginosa 


BC 5596 


+ 


+ 


Pseudomonas aeruginosa 


BC 5597 


+ 


+ 


Pseudomonas aeruginosa 


BC 5598 


+ 


+ 


Pseudomonas aeruginosa 


BC 5599 




+ 


Pseudomonas aeruginosa 


BC 5600 


+ 


+ 


Pseudomonas aeruginosa 


BC 5601 






Pseudomonas aeruginosa 


BC 5602 


+ 


+ 


Pseudomonas aeruginosa 


BC 5603 


+ 


+ 


Pseudomonas aeruginosa 


BC 5604 


+ 


+ 


Pseudomonas aeruginosa 


BC 5606 


+ 


+ 


Pseudomonas aeruginosa 


BC 5607 


+ 


+ 
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Species 


Designation of strain 


PGR 


Hybridisation 


Pseudomonas aeruginosa. 


BC 5917 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 5918 


+ 


n . p . 


Pseudo/nonas aerugrinosa 


BC 5919 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 5920 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 5921 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 5922 




n . p , 


Pseudomonas aeruginosa 


BC 5923 




n . p . 


Pseudomonas aeruginosa 


BC 5924 




n . p . 


Pseudomonas aeruginosa 


BC 5925 


+ 


** * jf * 


Pseudomonas aeruginosa 


BC 5926 


. ; + 


n , p . 


Pseudomonas aeruginosa 


BC 5927 




n . p , 


Pseudomonas aeruginosa 


BC 5928 






Pseudomonas aeruginosa 


BC 5929 






Pseudomonas aeruginosa 


BC 5930 




n . D . 


Pseudomonas aeruginosa 


BC 5932 




n . p . 


Pseudomonas aeruginosa 


BC 5933 






Pseudomonas aeruginosa 


BC 5934 






Pseudomonas aeruginosa 


BC 7046 




n , p , 


Pseudomonas aeruginosa 


BC 7047 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7048 




n . p . 


Pseudomonas aeruginosa 


BC 7049 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7050 


+ 


n . p . 


Pseudomonas aeruginosa,. 


BC 7051 


+ 


n , p . 


Pseudomonas aeruginosa 


BC 7052 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7053 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7054 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7055 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7056 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7057 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7058 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7059 




n . p . 


Pseudomonas aeruginosa 


BC 7060 


+ 


n , p . 


Pseudomonas aeruginosa 


BC 7061 




n . p . 


Pseudomonas aeruginosa 


BC 7062 




n . p . 


Pseudomonas aeruginosa 


BC 7063 




n . p . 


Pseudomonas aeruginosa 


BC 7064 




n . p . 


Pseudomonas aeruginosa 


BC 70 65 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7066 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 70 67 


+ 


n . p . 


Pseudomonas aeruginosa 


BC 7068 




n . p . 

' Cr ' 


Pseudomonas aeruginosa 


BC 7069 


+ 


n . p . 

c^ 


Pseudomonas aeruginosa 


BC 7070 




n . p . 


Pseudomonas aeruginosa 


BC 7071 


+ 


n.p. 


Pseudomonas aeruginosa 


BC 7072 


+ 


n.p. 


Pseudomonas aeruginosa 


BC 7073 


+ 


n.p. 


Pseudomonas alcaligenes 


DSM 50342 






Pseudomonas asplenii 


DSM 50254 






Pseudomonas cepacia 


BC 3134 






Pseudomonas chlororaphis 


BC 1753 






Pseudomonas ci tronellosis 


DSM 50332 






Pseudomonas corruga ta 


DSM 7228 
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Species 


Designation of strain 


PGR 


Hybridisation 


Pseudomonas fluorescens 


BC 4882 






Pseudomonas fluorescens 


BC 2439 






Pseudomonas fragi 


DSM 3456 


- 




Pseudomonas indigo f era 


BC 1105 


n.p. 


— 


Pseudomonas mendocina 


DSM 50017 






Pseudomonas oleovorans 


DSM 1045 


- 


- 


Pseudomonas pi cketti i 


BC 3323 


- 


- 


Pseudomonas 
pseudoalcaligenes 


DSM 50188 


- 


- 


Pseudomonas putida 


BC 4941 


— 




Pseudomonas putida 


DSM 291 




- 


Pseudomonas putida 


DSM 54 8 


— 




Pseudomonas putida 
(ovalis) 


ATCC 950 






Pseudomonas s tu tzeri 


BC 4940 






Pseudomonas syringae 


DSM 10604 






Citrobacter amalonaticus 


DSM 4 5 93 






Enterohacter aerogenes 


DbM 30053 






Escherichia coli 


ATCC 8 73 9 






Escherichia hermanii 


DSM 4560 






Klebsiella pneumoniae 


BC 5362 






Klebsiella terrigena 


BC 4700 






Proteus vulgaris 


DSM 2024 






Providencia stuartii- ' 


BC 5950 






Salmonella Anatum 


BC 2284 







BC: BioteCon strain collection; n.p,: Hybridisation was not 



performed. 
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Patent claims 

1. Nucleic acid molecule obtainable by starting from a plurality 
of strains belonging to, on the one hand, a to-be-detected group 
of bacteria of the Pseudomonas genus and, on the other hand, not- 
to-be-detected bacteria, 

(a) isolating, in a manner known per se, genomic DNA from a 
strain of the mentioned bacteria (first strain) , 

(b) amplifying, in a manner known per se, the 23S/5S intergenic 
region, optionally together with the directly adjacent 23S 
region and/or the directly adjacent 5S region, and obtaining 
the amplification product (first amplification product) , 

(c) in accordance with steps (a) and (b) in each case, isolating 
genomic DNA using a second, third, . . . and/or n*^^ strain of 
the mentioned bacteria, amplifying the 23S/5S intergenic re- 
gion, together with the directly adjacent 23S region and/or 
the directly adjacent 5S region, and obtaining the amplifica- 
tion product (second, third, . . . n*^^ amplification prod- 
uct) , 

(d) determining, in a manner known per se, the DNA sequence of 
amplification products obtained according to (b) and (c) , and 
comparing the DNA sequence of the amplification product ac- 
cording to (b) with the DNA sequence of one or more amplifi- 
cation products according to (c) , and 

(e) isolating and obtaining, as a primer or probe, a nucleic acid 
molecule by means of which the to-be-detected group of bacte- 
ria of the Pseudomonas genus can be distinguished from not- 
to-be-detected bacteria, on the basis of differences at at 
least one nucleotide position in the sequence region of the 
nucleic acid molecule. 



2. Nucleic acid molecule according to claim 1, obtainable by 
starting from strains belonging to, on the one hand, to-be- 
detected bacteria of the Pseudomonas genus and, on the other 
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hand, not- to-be-detected bacteria of a genus (genera) other than 
Pseudomonas . 

3. Nucleic acid molecule obtainable by starting from a plurality 
of strains belonging to a to-be-detected group and a not-to-be- 
detected group of bacteria of the Pseudomonas genus, 

(a) isolating, in a manner known per se, genomic DNA from a Pseu- 
domonas strain of those groups (first straiii) , 

(b) amplifying, in a manner known per se, the' 23S/5S intergenic 
region, optionally together with the directly adjacent 23S 
region and/or the directly adjacent 5S region, and obtaining 
the amplification product (first amplification product) , 

(c) in accordance with steps (a) and (b) in each case, isolating 
genomic DNA using a second, third, . . . and/or n^^ Pseudomo- 
nas strain of those groups, amplifying the 23S/5S intergenic 
region, together with the directly adjacent 23S region and/or 
the directly adjacent 5S region, and obtaining the amplifica- 
tion product (second, third, . . . n^^ amplification prod- 
uct) , 

(d) determining, in a manner known per se, the DNA sequence of 
amplification products obtained according to (b) and (c) , and 
comparing the DNA sequence of the amplification product ac- 
cording to (b) with the DNA sequence of one or more amplifi- 
cation products according to (c) , and 

(e) isolating and obtaining, as a primer or probe, a nucleic acid 
molecule by means of which the to-be-detected group of bacte- 
ria of the Pseudomonas genus can be distinguished from the 
not- to-be-detected group of bacteria of the Pseudomonas genus 
on the basis of differences at at least one nucleotide posi- 
tion in the sequence region of the nucleic acid molecule. 

4, Nucleic acid molecule according to claim 3, obtainable by 
starting from strains belonging to a to-be-detected group of bac- 
teria of the species Pseudomonas aeruginosa and a not -to-be- 
detected group of bacteria of other Pseudomonas species. 
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5. Nucleic acid molecule of SEQ ID NO 1 or the sequence comple- 
mentary thereto, 

6. Nucleic acid molecule having a shortened sequence compared 
with a nucleic acid molecule according to claim 5, namely the 
sequence of the region or in the region of the nucleotide posi- 
tions 12 to 131 . . 

7. Nucleic acid molecule having a shortened sequence compared 
with a nucleic acid molecule according to claim 5, namely 

(i) SEQ ID NO 3 or 

(ii) SEQ ID NO 4 or 

(iii) the sequence complementary to each of (i) and (ii) . 

8. Nucleic acid molecule of SEQ ID NO 2 or the sequence comple- 
mentary thereto . 

9. Nucleic acid molecule characterised in that, in respect of its 
sequence in at least 10 successive nucleotides of its nucleotide 
chain, 

(i) it is identical to a nucleic acid molecule according to one 
of the preceding claims or 

(ii) it corresponds to a nucleic acid molecule according to one 
of the preceding claims in 9 out of 10 successive nucleo- 
tides or 

(iii) it corresponds to a nucleic acid molecule according to one 
of the preceding claims in 8 out of 10 successive nucleo- 
tides or 

(iv) it is at least 90 % homologous to a nucleic acid molecule 
according to one of the preceding claims. 

10. Nucleic acid molecule according to claim 9, characterised in 
that it is from 10 to 250, and preferably from 15 to 30, nucleo- 
tides long. 
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11. Nucleic acid molecule according to one of the preceding 
claims, characterised in that it is single-stranded or double- 
stranded. 

12. Nucleic acid molecule according to one of the preceding 
claims, characterised in that it is present 

(i) as DNA or . 

(ii) as RNA corresponding to (i) or 

(iii) as PNA, 

the nucleic acid molecule where appropriate having been modified 
in a manner known per se for analytical detection processes, es- 
pecially those based on hybridisation and/or amplification. 

13. Nucleic acid molecule according to claim 12, characterised in 
that the nucleic acid molecule has been modified in such a manner 
that up to 20 % of the nucleotides of at least 10 successive nu- 
cleotides of its nucleotide chain, especially 1 or 2 nucleotides, 
have been replaced by analogous building blocks known per se as 
probes and/or primers, especially by nucleotides that do not oc- 
cur naturally in bacteria. 

14. Nucleic acid molecule according to claim 12 or 13, character- 
ised in that the nucleic acid molecule has been modified or la- 
belled or additionally modified or labelled in such a manner that 
it comprises, in a manner known per se for analytical detection 
processes, one or more radioactive groups, coloured groups, fluo- 
rescent groups, groups for immobilisation on a solid phase and/or 
groups for an indirect or direct reaction, especially for an en- 
zymatic reaction, preferably using antibodies, antigens, enzymes 
and/or substances having an affinity for enzymes or enzyme com- 
plexes, and/or otherwise modifying or modified groups of nucleic- 
acid-like structure . 



15. Kit for analytical detection processes, especially for detec- 
tion of bacteria of the Pseudomonas genus, characterised in that 
one or more nucleic acid molecule according to one of the preced- 
ing claims. 

16 . Use of one or more nucleic acid molecules according to one of 
claims 1 to 14 or in the form of a kit according to claim 15 for 
detection of the presence or absence of bacteria belonging to a 
group of bacteria of the Pseudomonas genus. 

17. Use according to claim 16, characterised in that the group of 
bacteria of the Pseudomonas genus includes various strains of 
Pseudomonas aeruginosa or is made up from those strains. 

18. Use according to claim 17, characterised in that the group of 
bacteria of the Pseudomonas genus is composed exclusively of 
Pseudomonas aeruginosa strains . 

19. Use according to one of claims 16 to 
that a nucleic acid hybridisation and/or 
cation is/are carried out. 

20. Use according to claim 19, characterised in that, as nucleic 
acid amplification, a polymerase chain reaction is carried out. 

21. Use according to one of claims 16 to 20, characterised in 
that the detection is carried out by distinguishing the to-be- 
detected bacteria from not- to-be-detected bacteria on the basis 
of differences in the genomic DNA and/or RNA at at least one nu- 
cleotide position in the region of a nucleic acid molecule ac- 
cording to one of claims 1 to 14 . 

22. Use according to claim 21, characterised in that distinguish- 
ing is carried out on the basis of differences in the region of a 
nucleic acid molecule according to claim 5. 



18, characterised in 
a nucleic acid amplifi- 
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Abstract 

The present invention relates to a nucleic acid molecule or mole- 
cules and to a process for the detection of bacteria of the Pseu- 
domonas genus, especially Pseudomonas aeruginosa . The invention 
relates also to a test kit or kits for carrying out the said de- 
tection processes. 



BUNDESREPUBLIK DEUTSCHLAND 




Bescheinigung 



Die BIOTECON Gesellschaft fur Biotechnologische Entwicklung 
und Consulting mbH in Berlin/Deutschland hat eine Patentan- 
meldung unter der Bezeichnung 

"Nucleinsaure- Sequenzen und Verfahren zum Nachweis 
von Bakterien der Gattung Pseudomonas" 

am 9. September 1997 beim Deutschen Patentamt eingereicht. 

Das arigehef tete Stuck ist eine richtige und genaue Wieder- 
gabe der urspriinglichen Unterlage dieser Patentanmeldung . 

Die Anmeldung hat im Deutschen Patentamt vorlaufig die Sym- 
bole C 12 N, C 12 Q und C 12 P der Interna tionalen Patent- 
klassif ikation erhalten. 

Munchen, den 21. September 199 8 
Der Prasident des Deutschen Patentamts 
Im Auftrag 
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